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1 (54) Title: DOWNHOLE PRESSURE MEASUREMENT 



(57) Abstr act: An improved method for measuring pressure downhole which corrects for temperature variation down the borehole 
by inserting a fluid down a tube inserted in the borehole and measuring its pressure, adding the pressure due to the weight of fluid 
in the tube, measuring the temperature profile down the borehole by means of a thin metal tube which has a continuous optic fibre 
within it using e.g. time domain Reflectometry based on Raman scattering and correcting the pressure due to weight of fluid in the 
tube in accordance with the measured temperature profile. 
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Downhole Pressure Measurement 



The present invention relates to a method measuring pressure downhole in oil wells 
and the like. 



Accurate knowledge of oil pressure downhole is necessary for oil reservoir 
management and for planning and controlling the operations of individual oil wells 
and the oil reservoir. However the depth of oil wells with consequent very high 
pressure and the temperature variation through the well have made it difficult to 
1 0 measure downhole pressure accurately. 

Pressure is measured down boreholes by inserting a long metal tube into the well and 
inserting a fluid into the well down this tube. The pressure required to force fluid 
down the tube is measured at the surface and this pressure is equal to the pressure at 
15 the bottom of the tube plus the extra pressure generated the weight of fluid in the tube 
and, by knowledge of the average density of the fluid and the length of the tube, the 
pressure down the borehole can be calculated. US Patents 3859527, 3898877 and 
4010642 disclose details of this method of monitoring downhole pressure. 

20 However, the density of the fluid in the tube will vary with its temperature and, as the 
temperature profile of the fluid down the tube is difficult to measure and, in any case 
will vary with time, production rates etc. there can be considerable inaccuracies in the 
density measurements of the fluid and consequent pressure calculations. 

25 US Patent 4976142 discloses a system for measuring both the temperature and 
pressure of fluid in a borehole in which a sheathed thermocouple is positioned within 
the tube containing the fluid used to monitor the pressure downhole and this 
thermocouple is used to measure the downhole temperature. 

30 US Patent 5163321 is a continuation in part of US 4976142 and includes the use of a 
fibre optic line in place of the thermocouple to transmit temperature information to 
the surface. In the method of this invention temperature information can be 
transmitted via the fibre optic at spaced apart locations down the borehole. 
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These patents disclose the measurement of the temperature at a specific location or 
locations downhole, however we have found that a superior result can be obtained if 
there is a continuous measurement of the temperature down the borehole and we have 
now devised an improved method for measuring pressure downhole in which there is 
5 continuous monitoring the temperature downhole. 

According to the invention there is provided a method for measuring the temperature 
of fluid in a borehole which method comprises inserting an optic fibre down the 
borehole and measuring the temperature throughout the length of the optic fibre by a 
10 temperature measuring method. 

Preferably the optic fibre is mounted within a metal tube to provide good thermal 
conductivity between the borehole and the optic fibre and to protect the .optic fibre. 

15 The invention also provides a method for measuring the pressure down a borehole 
which comprises inserting a tube into the borehole, introducing a fluid down the tube 
and measuring its pressure, calculating the approximate pressure due to the weight of 
fluid in the tube, measuring the temperature profile down the borehole as described 
above and correcting the said approximate pressure in accordance with measured 

20 temperature profile. 

The invention also provides equipment for measuring temperature downhole in a 
borehole which comprises a continuous optic fibre able to be inserted down a 
borehole and a temperature measuring means able to measure the temperature along 
25 the length of the optic fibre. 

The invention also comprises equipment for measuring pressure downhole in a 
borehole which comprises a tube able to be inserted into the borehole, means to 
introduce a fluid down the tube, means to measure the pressure of the inserted fluid, 
30 means to calculate the approximate pressure due to the weight of fluid in the tube, 
and means to measure the temperature profile down the borehole as described above. 
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Preferably the optic fibre is sheathed e.g. in a metal tube and this sheathed optic fibre 
is inserted within the tube containing the fluid used to monitor the pressure. 

The dimensions of the metal tube are not critical and a metal of outside diameter of 
5 about 6mm and inside diameter of 4mm is typical of the size tube that can be used. 

The metal tube containing the optic fibre can be inserted into the well for example by 
attachment to a wireline or attached to the tubing or casing etc. 

10 The fluid used is preferably a fluid with a uniform density change to changes in 
temperature and can be a liquid or a gas and preferably the fluid is a pure compound 
such as water. 

The pressure downhole is the pressure of the fluid introduced into the tube plus the 
15 extra pressure generated the weight of fluid in the tube, which can be obtained by 
knowledge of the average density of the fluid corrected for temperature and the 
vertical length of the tube. The pressure can be calculated by adding to the surface 
measured pressure the integrated product of fluid density multiplied by local g 
multiplied by vertical depth over the length of the well bore. The fluid density is a 
20 function of the temperature and vertical depth. In deep boreholes a correction may 
need to be made for variation in gravity so a more accurate measurement of the 
pressure down the borehole can be made. Gravity (g) can be found from geophysical 
data if required and corrections can be made from earth tide tables or a gravimeter 
placed on the surface. 



In wells which deviate from the vertical and in directionally drilled wells etc. the 
deviation from the vertical at all points can be obtained by a direction survey in 
accordance with known methods and this can be used to calculate the vertical length 
of the tube. 



If fluid is flowing a further correction may be needed for the flow rate and this can be 
determined on site. 

It is known to use optic fibres for remote measurement of temperature by the use of 
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the change in path length with increase in temperature of the optic fibre The optic 
fibre should be able to scatter light back from any part of its length and suitable optic 
fibres are commercially available for example in telecommunication systems etc. 

5 For example light is passed down the fibre and an optical property which varies with 
temperature is monitored or measured. Preferred optical properties are the Raman 
spectrum in which a pulse of light is sent down the optic fibre and the Raman 
spectrum along the fibre is detected and measured for example using time domain 
reflectometry based on the Raman scattering methods can use the Stokes and Anti- 

1 0 Stokes Raman lines; a method is described US Patent 4823 166. 



The pressure measurement equipment is preferably calibrated by comparison with 
measurement using standard pressure measuring device e.g. a quartz or other gauge 
lowered down the borehole. However the long term stability of the method of the 
15 invention will be superior to those of other methods, including using a quartz gauge, 
because it is based on physical invariants. 
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Claims 

1. A method method for measuring the temperature of fluid in a borehole which 
method comprises inserting an optic fibre down the borehole and measuring the 

5 temperature throughout the length of the optic fibre by a temperature measuring 
method. 

2. A method for measuring the pressure down a borehole which comprises inserting a 
metal tube into the borehole, introducing a fluid down the tube and measuring its 

10 pressure, calculating the approximate pressure due to the weight of fluid in the tube, 
measuring the temperature profile down the borehole as claimed in claim 1 and 
correcting the said approximate pressure in accordance with measured temperature 
profile. 

15 3 . A method as claimed in claim 1 or 2 in which the fluid is water. 

4. A method as claimed in any one of claims 1 to 4 in which the temperature 
measuring method is time domain reflectometry based on Raman scattering. 

20 5. Equipment for measuring temperature downhole in a borehole which comprises a 
metal tube adapted to be inserted down the borehole, which metal tube has a 
continuous optic fibre inserted within it and there being a temperature measuring 
means able to measure the temperature along the length of the optic fibre. 

25 6. Equipment for measuring pressure downhole in a borehole which comprises a tube 
able to be inserted into the borehole, means to introduce a fluid down the tube, means 
to measure the pressure of the inserted fluid, means to calculate the approximate 
pressure due to the weight of fluid in the tube, and means to measure the temperature 
profile down the borehole as claimed in claim 5. 

30 

7. Equipment as claimed in claim 5 or 6 in which the fluid is water. 

8. Equipment as claimed in any one of claims 5 to 7 in which the temperature 
measuring method uses time domain reflectometry based on Raman scattering. 
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